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SUMMARY

“ sustained operaticns necessarily conflict with the circadian system in several wayst
changes in ths habitual work-rest cycle, shifts in meal- or sleep-timing, intense activi-
ty during night houxs, sleep deprivation and disruptions of the normal synchrony hetween
body functions and environment. When these rhythm disturbances affecvt performance, they
become operationally significant. Theixr consequences are discussed and factors are des-
cribed vhich influence the rangas of performance oscillation. Of particular operational
relevance are motivation, slesp and physical exercise. Under certain conditions theéy can
help to overcome deficits in performance and periods nf diminished -fticinncy.qt—;’

The temporal structure of the environment in 24-hour periods corresponds to the psrio-
dic fluctuations in physiological, performance, and behavior functions of the human c¢irca-
dian system (Figure 1). Often different rhythms exhibhit divergen: curves, as for instance
vith respect to the temporal positions of minima and maxima, or to the inagnitude of their
amplitudes., During total imolation from environmental Zeitgebers, biological rhythms oscil=-
late with spontansous period lengths deviating from 24 hours; in addition, different funo=-
tional systsms, such az body temperature and activity, may oscillate with divergent fre-
quensies, a phenomenon which has been labelled "internal desynchronization" (Wever, 1979),
Pexrsistence of fluctuations under constant conditions and the phonomenon of internal de~
synchronization suggest the conceptual understanding that circadian rhythms are endoge~
nous in origin, self-sustained and contxolled by more than one "internal clock". Several
modely have hesen develcped to describe the circadian system. The non-hierarchical multi-
oscillatory model appears to offer the best concept to explain the presently known facts
{Aschoff, 1978).

Under normal conditions biological rhythma fluctuate with pe.-iods corresponding exacte
ly with the length of the natural 24-hour day (Figure 2). This habitual synchrony is
achieved, by the influence of envirunmental time cues or "Zeitgebers® (Aschoff, 1962). For
plants and animals these are in particulur the oscillations of light and temperature resul-~
ting from earth rotation, For man much evidence was gained that knowledge of clock hourms
and daytime--related social activities appear to be of more influence than the natural light-
dark cycle (Wever, 1Y82). Thus, meal timing, work-rast patterns, and in particular sleep~be-
gin and slesp-end act as preponderant synchronizers for the human circadian rhythm.

Sustained operations interfers with these Zeitgebers in one or another aspect and there-
fore give rise to rhythm disturbances. Conflicts principaly result from the following
conditions: (1) The period length of syachronizing rhythm is changed, (2) the control-
ling force of %ime cuss is weakened or vanishas completely, and (3) phase shifts occur
in feitgeber oscillations. The first condition reulates to the fact that sustained opera-
tions necessarily cause pericd extension of habitually synchronisirg rhythms, such as

work-rest or sleep~wake cycles. The second condition, fcr instance, appears always as an
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unevitable consequence of sleep depri-

L vation, since sleep-bugin and ~-end as
10 oo well a3 sleep itselt belong to the
s 2 a0 strongest agents of controlling endc-
0 T genous rhylhmicity. It also occurs in
"# Ao PATCHONOT PLM &"'“‘: any othex situation of partial or to-
"o T Gt aaron - tal deprivation from external perio~
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:; ’;fu observed whanever tima=zones are cros- n
wi Foam sed or syrchronizer rhythms are phase
2 :f: delayed or advanced, as by shifting
04370 /' meal- or sleep-timing, for instance '
.20 .- 3:3?”“ (Grasber, 1982). In the aviation en-~
-4 [ ::::::mm - vironment of sustained operations all
604368 remn three conditions become effective,
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TR I w1 ing always the came effect. a distuc-~
bance of the bioloyical timing system.
When thase rhythm disturbances affect
Figure i: Circadian rhythms of different perfor- physical and mental pexformance, they
mance functions and physiologcal variables. (F-va~ become opsrationally significant

lues for significsonce of within-day variation). (Klein & Wagmann, 1980). Since slaep
is part ot the circasdian system, if
is obvious that also the consequences
of sleep disturbances and sleep defict
have to ba considered (Johnson & Naitoh,
19743 Nicholywon & Stone, 1982).

Disturbances of circadian rhythms
become manifest by changes in the pa-
rameters defining their regular oscil-
lation, i.#. period, phase, amplitude,
and 24=hour lavel, Basically, they are
induced through modulations of the in=
terrelationship batwuen the internal
and external timing systems. They are
the direct consequences of alterations
in the rhythm characteristics of the
environment, be it a phase shift or a
deprivation of Zeitgebers, which may
again be total or partial, occurring
naturally or being manipulated arte-
ficially. They also result, when the
biological system is shifted in re-
lation to a stable environment, thus
disrupting the habitual synchrony bet-
ween hoth systems, as it happens, for
instance, ir industrial shiftwork
after switching from day- to nightwork.

{ figure 21 Ciroadian rhytims in the nrinary excre- Probably the most extensive body
tion pattern of hormones and electzolytes in a of data with significance for the ex-
group of 8 subjects over § 24-hour periods. ploration of tie human circadian ays-
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tem was obtained from studies in deep caves, underqround bunkers and imsolation chambers,
Thesa facilities allow an almost perfect isolation of an individual from natural time
cues normally entraining his circadian rhythm to a period of 24 hours. Furthermore, they
present the possibility to substitute the habitual timing system by one or saeveral arte-
ficial Zeitgeber: which then can be easily manipulated (Wever, 1979). The most prominent
form of manipulation has been the introduction of constant light or constant darkness. The
response of the human circacdian system is the well-known free-running state which is cha-
raterized by the peristence of the oscillation, but with a different cycle length, moat
subjacts showing a spontanecus period close to 25 hours. Out of more than 150 subjects
with presumable free-running rhythms, only two subjects showed periods shorter than 24
hours (Wever, 1982),

In the free-running state all .asasured variables usually oscillete synchronously, i.e.
different rhythms ars internally synchronized. Some of the subjects, however, show inter-
nal desvrnhronization: Differmnt variables oscillate with different cycle lengths. Most
frequently, rhythms of resctal temperature hoid a period close to 25 hours, whereas acti-
vity rhythms alter thair periods considerably and demonstrate cycle lengths in the range
between 30 and 40 hours. In long-ter:n cave exparimants the axistence of even longer acti-
vity periods was observed, amounting to 48-50 hours. Because thsy enclose 2 circadian
cycles, they have been labelled "bi-circadian" or, more approperately, "circa-bi-dian"
(Waver, 1979). Some discussion has been raised as to whether this phenomenon could be
utilized in the military field. Indeed, a period of about 16 hours of sustained perfor-~
mance may have strategic adventages for military operations. Hcwaver, only some indivi~
duals show the capacity to free-xun with a circa-bi-dian activity rhythm. Upon returning
to the natural 24-hour system they rapidly convert their cycle to "normal”. Thus, it seems
rather difficult to achieve such a prolongation of the cycle length, Summarizing the re-
sults, obtained from controlled environment facilities with constant timegiver conditions,
it can be concluded that several stimuli were identified that have the potontial to modi-
fy autonomous c¢ircadian rhythma of man. Thesse are as different as light intensity, tempera~
ture, psychical stress, and social contacts. When applied in a conatant manner during the
freerunning state, they all result in a lengthening of the autonomous period, axcept for
alectromagnetic fields which ware shown to shorzten it (Wever, 1979).

By alteration of the external stimuli in a cyclic manner, artifical Zeitgebars were
installed, permitting investigations of various problems with practical implications, such
as strength and capacity of diffevent tine cues, as well as range of periods to which the
circadian systsm can be synchronizad (Aschoff, 1978}, From the results it can be concluded
that human circadian rhythms can be synchronized by artificial Zeitgabers, but with periocds
varying only within a limited range of entrainment: Bayond 22-28 hours they desynchronize.
There are different kinds of dxternal perxiodicites generating different strength of con-
trol: For man, physical Zeitgebers are less effective than those with a component of so-
cial contact. Physical synchronizers exhibit also smaller ranges of entrainment than social
time cues. Sudden shifte of the Zeitgebers usually induce corresponding phase alterations
of the biological rhythms. However, the circadlan system does not follow the shift imme-
diately, but instead shows a certain "inertia” in achisving a new rhythm., Extent and dura-
tion of this transient state of rhythm disturbances are different in rhythms of different
variables.

The military significance of the disturbances in circadian rhythmicity are debatable
(Hartman et al., 1974}. There is much evidence, however, that daytime-related cecillationa
are among the endogenous and exogencus determinants for man's functional capacity of p.y=-
sical and mental activity. It has been shown that circadian rhythmicity does not only con-
trol physiological functioning at rest, but also the xesponse of the body to load, thus
involving performance and afficiency (XKlein & Wegmann, 1980), For many years already, late
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night sentions have been charcterized as the "minimum of readiness for efficiency” and as

the "hours of diminished resistance”. For animals it was shown that even death and survi-

ral in a hostile environment were a function of circadian phase. But probably due to poor

methodology and inappropriats measuring techniques equivocal results created scepticism /
ae to tha genuine and significant relation between time of day and mental parformance, K
Today, there is enough evidence that circadian rhythmicity does not only control the pri-

mary physiologic functioning of the human organism, but also its behaviour under opera-

tional stress (Naitoh, 1982). During the hours when tonic physiologic levels are set for

sleep rather than wakefulness, the "readiness" for mental performance is reduced. In the

laboratory under experimental conditions, the nocturnal "low" of perceptual-motor respon-

ses differs considerably from the diurnal "high". Apart from probably minor and unimpor-

tant variations, performance rhythms risa during the day to a plateau between 12:00 and

21:00 hours and then decline to a minimum which usually occurs at 03:00 to 06100 during

night. Folkard (1982) recently hau pointed to the fact that this is not generally true,

at least not for different memory loads. Immediate memory tends to decreass over the day,

but dslayed retention is superior in the aftarnoon or avening.

Thero are ssveral fac-
tors that are able to modi-
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' Lo . 3). Most of them influance
. the range of oscillation .
PERSONALITY SLEEP DEPRIVATION DAY+ / NIGHT=~SHIF T and therefoxe have operati- .
WTROVERTS 4. . hsTEC S Nt R onal significance. Of parti-
ﬂ . ' cular interest are motiva-
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\gn tion, sleap and physical ac~
MH\sz tivity, since they can be

SHIFT directly controlled. Motiva~
tion reduces circadian oscile-
v — lation of mental performance
surer TINE OF OAY through "extra effort”. To~
3 gether with workload (that
is tne strass imposed by the
Figure 3:1 Schematic illustraiion of modifications in perfor- task) it determines the ex-
nance rhythms through various factors. tent of cyocling in so far,
that the range of nscilla~
tion is low if motivation is good or the task relatively simple. On the other hand, the
differenue betwaen maxima and minima is more pronounced if motivation is low or the task
very complex. In context with the workload, the reduction of the circadian amplitude du-
ring practicing and its incrcase during sleep deprivation can be understood as effects of
rolative wurkload changes. High motivation, no doubt, can overcome perxformance dificits
at night. However it must be remsmbered that aircrews engaged in wartime sustained opera-
tione axe functioning closer to biological and psychological limits than under normal
schedules and thersfore may be mors vulnerzble to influences affecting their pexformance.
This is of particul&r ralevance, if the adverse effects are adcumulating. as during sustained
operations is unevitable, dus “o prolonged wakefulness, sleep deprivation, and a hostile
i environment. Wartime threat on the other hand, may be a source of motivation that is al-
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most unkown from training and aimulation (Haslam, 1981).




Sleep loss probably is the most critical effect of sustained operations. It also
affects circadian oascillation of performance efficicncy, but at the same time leads to
an impairment of the overall lavel with increasing slaap deficiency. The extent of per-
formance degradation dapends on the actual phase of the circadian cyclé it coincides with
(Alluisi et al., 1977). The effect of fatigue is obviously compensated - at least in part
-~ by the increasing level of arousal during the day. In contrast, operational fatigue
will enhance the depression of alertness naturally occurring at night. From thase fin-
dings it becomes ciear that, whenever possible, management of human operations should
pravent a coincidence of the final section in the sustained activity with the nocturnal
low of behavioral rhythnms.

The effects of sleep deprivation are psychological rather than physiological (Harlam,
1981) . Injectiona of sleep sections into a period of sustained operations are beneficial,
aven if their amount is very small. Again, for crew management these findings are of sig-
nificance, in particular with respect to reinforced crew operations,

Finally, physical activity may influence mental performance through changes in the
level of arousal: Light to moderate physical work is improving it, heavy work has the
opposite effect. As could be demonstrated, this affect dupends also on the time of day
as well as on task specifity. A physical load which was about 1/3 of the maximum aerobic
capacity, increased the scores of a visual-motor coordination test in the morning and
af‘ernoon, but not in the late evening and early night. However, the same exercise regimen
impaired psrformance in a memory test. Tha results may be explained by differences in tha
relative load of physical activity: the load was probably beyond the optimum of arousal
for memory functions, but not for the psychomotor coordination performancs at the speci-:
fic times of day (Klein & Wegmann, 1980).
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DISCUCKTLN

DR A RIECK (GE)

I balieve that you stated “hat although €atigue incressed progrsasively during a 48 hour parind
without elesp, thera was a small inccsase in alertness at the beginning of the second day without
slesp, Is this so? Is thers any vork which attempts to correlate thasa changes in subjective
fatigus with objective physiclogical messures?

AUTHOR'S REPLY

In answer to your first question, yas the circadisn rhythm of fatigue vam superimposed on the
factigus caused by tha prolonged wake period, No, we did not obtaiu any corrslations between fatigua
scores and physiological functiona,




